INTRODUCTION
The possibility of producing recombinants between human influenza and avian influenza viruses has been reported by several workers (see reviews by Kilbourne et al. 1967; Webster & Laver, 1975) . In most studies, however, the resulting recombinants between human and avian influenza viruses were characterized by the antigenic specificity of proteins of the virion envelope, while the nature of the other proteins of the recombinants was not studied.
The present study was aimed at producing recombinants of human influenza A viruses and fowl plague virus, the analysis of their genomic structure and the study of some of their properties.
METHODS
Viruses and cells. Fowl plague virus, Weybridge strain (HavINeqI) and vaccine strains of human influenza virus A/Krasnodar/ioi/1959 (HEN2) and A/Habarovsk/is/i976 (H3N2), attenuated by passage in chick embryos at the optimal temperature, were used. The human strains are designated A/K and A/H, respectively. The A/H strain was kindly supplied by G. Zhilova. The viruses were grown in the allantoic cavity of Io-day-old chick embryos. Primary monolayer cultures of chick embryo fibroblasts (CEF) and a line of Production of recombinants. Ten-day-old chick embryos were inoculated simultaneously with fowl plague virus (FPV) and human influenza A/K or A/H virus using IO 3 median egg infectious dose (EIDs0) of each virus. After 48 h of incubation at 36 °C the virus-containing allantoic fluid was diluted ten-fold and treated (at 36 °C for 30 min) with anti-FPV serum with an anti-haemagglutinin titre of I : 600o and an anti-neuraminidase titre of 1 : 800. This material was inoculated into chick embryos which were incubated for 48 h at 40 °C (at this temperature the influenza virus strains under study do not multiply in chick embryos, whereas FPV multiplies intensively, see Table 3 ). The virus-containing allantoic fluid was again treated with anti-FPV serum and passaged once in chick embryos incubated at 40 °C. From the resulting material a series of dilutions was prepared and used for inoculation of chick embryos which were incubated for 48 h at 36 °C. The virus-containing allantoic fluid from chick embryos inoculated with the lowest dilution of the virus material obtained in recombination of FPV with A/K strain, was designated R/K/FP, and that obtained in recombination of FPV with the A/H strain, R/H/FP. These materials were subjected to further study.
Virion transcriptase activity. The viruses were grown in chick embryos and purified according to the method of Pons & Hirst (I968) . The concentration of protein in virus preparations was determined by the method of Lowry et al. (1951) . The transcriptase was assayed by the method of Bishop et al. (197I) slightly modified by Blagoveshenskaya & Ghendon, 1978 . Incubation was usually in tris-HCl buffer, pH 8"2, at 33 °C for 3 h. In certain experiments the tris-HC1 buffer was pH 8"5 or pH 9"o, and the temperature of incubation was 4o °C. In studies on the in vitro stability of virion transcriptase, purified virus (5o #g of protein) to which Nonidet P-4o had been added was incubated for 5 min at 2o °C, followed by 5 rain at 42 °C. The material was then cooled in ice, the reaction mixture without Nonidet P-4o was added and incubation continued for 3 h at 33 °C.
Virus proteins. Monolayer CEF cultures were inoculated with viruses at a multiplicity of ~oo EIDso/cell and allowed to adsorb for 3 ° min. Then medium 199 without methionine was added and the cultures were incubated at 36 °C for 4 h at which time 3sS-methionine (20 #Ci per culture; 35S-methionine sp. act. 53o Ci/mmol, Radiochemical Centre, Amersham) was added and incubation continued for 15 rain. The cell monolayer was collected in a solubilizing solution containing 5 M-urea, 1"o% (w/w) SDS, and o.I% mercaptoethanol, boiled for 3 min and examined by electrophoresis on 25 % polyacrylamide gels using the discontinuous buffer system described by Laemmli (197o) . Autoradiography was done as described by Russell & Skehel (1972) .
Analysis of the recombinant genomes. The method of double-stranded RNA analysis by means of electrophoresis in slab polyacrylamide gel was used (Hay et al. 1977) . A monolayer culture of chick embryo fibroblasts (5 x lO 6 cells) was incubated with Parker medium containing cycloheximide (IOO/~g/ml) at 36 °C for 30 min. Medium was then decanted and cells were infected with virus (5oo EIDs0/cell) and incubated in the presence of cycloheximide at room temperature for 30 rain. Thereafter medium containing cycloheximide (IOO ~tg/ml) was added and the cells were incubated at 36 °C for 3o min. 3H-uridine (5-3H -uridine, sp. act. 24"5 Ci/mmol) was added (IOO #Ci/ml), and incubation was continued for another 3"5 h. Isolation of cRNA was performed as described by Hay et al. (I977) . Specimens of cRNA were hybridized by the method of Ito & Joklik (I972) in an excess of unlabelled vRNA 05 #g per specimen) isolated from concentrated and purified virions. This material was then treated with nuclease S-t (tooo units/ml, at 37 °C for 3 h), sedimented with ethanol and studied by means of electrophoresis in 7"5 % polyacrylamide gel Pathogenicity for chick embryos and chickens. Ten-day-old chick embryos were inoculated into the allantoic cavity with different virus doses and incubated at 36 °C. The final readings were at 7 days after inoculation. One-day-old chickens were inoculated intramuscularly with different virus doses in o-I ml vol. The results were recorded at 7 days after inoculation. 
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* Viruses (IOOO E1Dso/ml) were treated with the appropriate antiserum for 30 min at 36 °C then inoculated into chick embryos; at 48 h p.i. virus titres in the allantoic fluid were determined by inoculation of chick embryos (log10 EID~0/ml). t Viruses Oo HAU) were treated with the appropriate serum for 3o min at 36 °C before addition of chick red blood cells. + = marked haemagglutination; o = no haemagglutination.
:~ Viruses (o-3oo to o-4oo A54~/o'I ml) were mixed with the appropriate serum and incubated for 3o min at 36 °C before the determination of neuraminidase activity (As~g/o'I ml). § ND = not done.
RESULTS

Polypeptides of the recombinants and the parental strains
As can be seen from the data presented in Table I , R/K/FP and R/H/FP viruses were neutralized by the serum against the corresponding human influenza virus strain but not against FPV. The haemagglutinating and neuraminidase activities of these viruses were also neutralized by the antisera against the corresponding human influenza virus strains but not against FPV.
A comparative study of virus-specific polypeptides induced in CEF culture by human influenza viruses and FPV as well as R/K/FP and R/H/FP showed ( R/K/FP 8"4 9"6 9"6 9"7 9" I R/H/FP 8"2 9"4 9"3 9"4 9'o FPV 8q 9"4 9"4 9"5 9"o * Chick embryos were inoculated with IOOO EIDs0 of virus and incubated at the indicated temperature. After the time shown, virus titres in the allantoic fluid were determined by inoculation of chick embryos followed by incubation for 48 h at 36 °C.
virus, but not with that of the A/K virus. At the same time double-stranded RNAs containing recombinant cRNA, and vRNAs 2, 4 and 6 were only obtained following hybridization with vRNAs of the A/K human influenza virus. Based on these data we can conclude that the R/K/FP recombinant has inherited genes ~, 3, 5, 7 and 8 from FPV and genes 2, 4 and 6 from A/K influenza virus. While analysing recombinant R/H/FP by the same method, we discovered that double-stranded RNAs, containing cRNAs I, 2, 3, 5, 7, 8, were obtained in hybrids with FPV vRNA while double-stranded RNAs containing cRNAs 4 and 6 were obtained in hybrids with A/H virus RNA (not shown).
Serological evidence confirms the results regarding the surface proteins haemagglutinin and neuraminidase (genes 4 and 6; Table I ).
Comparison of the RNA and the protein patterns in all figures, as well as the serological data, allows a complete identification of the gene derivation of the R/K/FP and R/H/FP recombinants (Table 2) .
Replication in chick embryos
It can be seen from Table 3 that R/K/FP and R/H/FP recombinants replicate in chick embryos like FPV and much more efficiently than the parent strains of human influenza virus. In addition, the recombinants have been found to be capable of replicating in chick embryos at higher temperatures (4o and 4 z °C) like FPV, whereas the parent strains of human influenza virus under these conditions produced no infectious virus. 2"7 7"4 2"3 2"0 A/K < 2"o 8'3 2-I 3"I 2-o 4"8 R/K/FP < 2"0 9"I 2"5 3'4 2"2 4"2 A/H < 2/o 7"9 1"7 2-8 ND:~ ND R/H/FP < 2"0 8"8 2"9 3"7 ND ND * The same dilutions of virus-containing allantoic fluid were titrated by the plaque method in CEF and by inoculation of chick embryos (CE).
t The cells were infected with viruses grown in CEF at a multiplicity of 3 to 5 EIDs0/cell. After 16 h of incubation at 36 °C the cells were frozen and thawed and virus titres were determined by inoculation of chick embryos (log10 EIDso/ml). Sample o h = the titre immediately after adsorption. ND = not done. 
Replication in CEF culture and a human conjunctiva cell line, clone I-5C-4
The results presented in Table 4 show that the recombinants and the parent human influenza virus strains, in contrast to FPV, produce no plaques in CEF culture. Furthermore, their thesis of infectious virus is markedly reduced in this cell system. However, the R/K/FP recombinant and the parent A/K strain of influenza virus were capable of producing infectious virus in a continuous line of human conjunctiva clone I-5C-4, whereas no infectious virions were found after inoculation of these cells with FPV.
The virion transcriptase
It was shown previously (Blagoveshenskaya & Ghendon, I978) that in some in vitro properties, e.g. pH optimum capacity for functioning at a high temperature and thermostability, the virion transcriptase of FPV (Weybridge strain) differed from the virion transcriptase enzymes of human influenza A viruses. We therefore extended these comparisons to include the transcriptases of the recombinant viruses. Table 5 presents data from one of five experiments in which similar data were obtained. It can be seen that under the conditions of study the transcriptases of both recombinants behaved like that of FPV rather than like those of human influenza viruses. Thus at pH 8"5 the activity of the virion transcriptase * Chick embryos were inoculated with various doses (EIDs0) of virus and incubated for 7 days after which time the number of EIDs0 per lethal dose for chick embryos was calculated.
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Numerator, the number of chickens killed; denominator, the number of inoculated chickens.
of human influenza viruses decreased considerably as compared with that at pH 8.2, whereas in FPV and both recombinants the transcriptase activity at pH 8"5 was higher than at 8.2. When the reaction mixtures were incubated at higher temperatures (4o and 42 °C), the human influenza virus transcriptase activity was markedly inhibited while the inhibition of the transcriptase activity of FPV and the recombinants was much less. Pre-incubation of the virions at 40 °C in the presence of Nonidet P-4o showed that the virion transcriptases of FPV and the recombinants were more stable than those of human influenza viruses.
Pathogenicity for chick embryos and chickens
It can be seen from Table 6 that FPV was highly pathogenic for chick embryos and chickens. In contrast, human influenza A/K and A/H viruses as well as recombinants R/K/FP and R/H/FP were much less pathogenic for chick embryos. Furthermore, doses of these viruses as high as Io4EIDs0 CE failed to kill one-day-old chickens when inoculated intramuscularly.
DISCUSSION
The reported method of recombination and selection of recombinants of FPV and human influenza A viruses produces recombinants, the genomes of which contain the genes coding for proteins of the envelope (HA and NA) derived from the human influenza virus and most of the other genes from FPV. Thus the genome of the recombinant obtained by recombination of FPV, Weybridge strain (H~IN~j) and influenza A/Habarovsk/I5/I976 (H3N2) virus contains the genes coding for HA and NA proteins derived from the influenza A/Habarovsk virus and all the other genes (t, z, 3, 5, 7, 8) The recombinants under study differed in the antigenic specificity of haemagglutinin (H2 or H3) but had similar biological properties. Like the parent FPV strain, the recombinants gave high virus yields in chick embryos and were capable of replication at high temperatures (4 o and 42 °C); the in vitro properties of the virion transcriptases of the recombinants were similar to those of the FPV enzyme but not to those of the enzyme of the parent influenza strains.
The experimental results suggest that the high productivity of FPV in chick embryos and the capacity of this virus to replicate at a high temperature, as well as the observed properties of FPV virion transcriptase are not related to the proteins of the virion envelope (HA or NA) and apparently not to the protein which is coded by gene 2. It should be mentioned that in the experiments of Palese et al. (1976) a recombinant of influenza viruses highly productive in chick embryos also had the two genes coding for haemagglutinin and neuraminidase derived from the poorly productive 'swine' A/New Jersey/x1/76 virus and the other six genes derived from the highly productive parent A/PR/8/34 strain.
Unlike the parent FPV strain, the experimental recombinants had a markedly decreased capacity for multiplication in CEF culture and lost the capacity to produce plaques in these ceils; like the parent A/K influenza virus strain, however, the R/K/FP recombinant replicated in a cell line of human conjunctiva, clone I-5C-4. These data suggest that the capacity of orthomyxoviruses to replicate in various host cells may be determined by external virion proteins. From the fact that our recombinants could induce synthesis of virus-specific polypeptides in CEF culture (Fig. t) while infectious virus production was decreased markedly (Table 4 ) it may be assumed that the ability or inability of orthomyxoviruses to multiply in certain host cells determined by external virion proteins is manifested not in the early stages of influenza virus reproduction, but in the late stages, most probably at the stage of cleavage of the polypeptide precursor of the haemagglutinin (Klenk et al. 1975; Lazarowitz & Choppin, 1975; Mikhejeva et al. 1977) .
Both our recombinants were completely non-pathogenic for chickens despite the fact that they contained five or six out of eight FPV genes. These data agree with the results of Scholtissek et aL (I977) who showed that substitution of even one gene in FPV was accompanied by a decline or loss of pathogenicity for chickens.
It should be noted that a study of R/K/FP and R/H/FP recombinants in a limited number of human volunteers (our unpublished data) has demonstrated their safety. In addition, it has been discovered that such recombinants are capable of inducing increases in titres of anti-haemagglutinating antibody in the sera of some vaccinated volunteers.
We believe that the production of recombinants between avian influenza and human influenza viruses, the genomes of which would contain the genes coding for the proteins of the envelope of human influenza virus and most other genes derived from avian influenza virus, may be of practical importance in control of influenza infection. Such recombinants may be produced by the reported method of recombination and selection within a sufficiently short period of time. Since they are highly productive in chick embryos (a property typical of most avian influenza viruses), such recombinants could be used satisfactorily for preparation of inactivated influenza vaccines. Besides, such recombinants deriving the proteins of the envelope from new antigenic variants of influenza virus and the other proteins (genes) from avian influenza virus may prove to be good candidates for live vaccines. Results obtained by us in a limited number of volunteers and the data indicating the polygenic nature of the pathogenicity of orthomyxoviruses (Burnet, 1959; Ghendon et al. 1973;  
